INTRODUCTION
Pain of the anterior hip can have various causes, such as incorrect hip alignment, abnormal movement control, and muscle imbalance. 1, 2 Sahrmann investigated patients with anterior hip pain based on movement system impairment (MSI) and associated their pain with femoral anterior glide syndrome (FAGS). 3 Patients with FAGS experience anterior hip pain when performing hip flexion, extension, and rotation. Most cases of hip pain are caused by movement impairment, which results in muscle imbalance. 2, 3 During normal hip flexion, a slight posterior glide normally occurs at the femoral head. The posterior glide of the femoral head steadily maintains the path of the instant center of rotation (PICR) of the hip. 1 However, the posterior glide of the femoral head does not occur appropriately during hip flexion in patients with FAGS, causing inguinal impingement or anterior hip pain. 3, 4 The pain and impingement phenomena in hip flexion are caused by movement impairment due to incompatibility of muscle actions. In the hip flexor, imbalance between the iliopsoas and tensor fasciae latae (TFL) muscles occur. Both muscles have the function of hip flexion; however, the TFL is a muscle that performs flexion, abduction, and internal
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The imbalance phenomenon can also be observed in hip abductors. The posterior gluteus medius (PGM) muscle performs extension, abduction, and slight external rotation of the hip. 2 However, in patients with FAGS, the muscle action of the TFL is greater than that of the PGM, causing internal rotation of the hip when conducting a PGM muscle test. In addition, internal rotation of the hip occurs when standing on one leg. In general, it is believed that internal rotation of the hip may or may not occur in patients with FAGS; however, in most cases, internal rotation of the hip occurs in these patients because the length of their TFL muscle is shorted. 3 Patients with anterior hip pain experience increased hip pain in the prone position when performing hip extension. To maintain PICR during extension of the hip, the gluteus maximus has to be activated first and to be more dominant than the hamstring. 5, 6 However, if the hamstring action dominates, the femoral head cannot maintain PICR and shifts forward, resulting in anterior hip pain. 3, 4 In case of the hamstring, medial hamstring action and lateral hamstring action have to be distinguished during testing. In patients with FAGS, medial hamstring action dominates. Therefore, when extending the knee while sitting down, the internal rotation of the hip restricts knee extension.
Hence, in patients with FAGS, anterior hip pain is due to improper posterior glide and lack of movement control during hip flexion. [3] [4] [5] To treat FAGS in patients with anterior hip pain, it is important to choose a diagnostic method based on movement impairment and a treatment method that recovers functional movement. 7 The purpose of this case report is to describe Sahrmann's MSI-based diagnostic approach and the results in a patient with anterior hip pain.
CASE HISTORY
A 31-year-old female patient experienced pain in the right knee and anterior hip after exercising for 3 hours on a mat for Pilates education 4 months previously. She initially developed anterior knee pain and later developed anterior hip pain. She had a staggering gait due to pain and experienced crepitus of the hip. The knee and hip pain was about level 8 on the visual analogue scale (VAS). 8 As her discomfort due to hip pain continued when lying down to sleep, and the symptoms of pain while walking worsened and extended to the ankle, she was admitted to the hospital for 3 weeks for treatment. No specific anomalies were found according to the hospital examination, and she was prescribed with analgesics and physical therapy. When the patient visited our center, she had knee and hip pain of VAS 3. She had anterior hip pain when flexing the hip while lying down, and anterior knee pain when flexing and extending while sitting on a table.
PHYSICAL EXAMINATION
Sahrmann's MSI approach was selected for physical examination. 3 Examination and treatment were carried out by a physical therapist with 20 years of clinical experience. The examiner examined hip alignment; manual muscle test results; active straight leg raise (ASLR); sitting knee extension; hip joint flexion, adduction, and internal rotation (FADIR); and hip extension in prone position.
The anterior superior iliac spine and posterior superior iliac spine angle of the right hip was measured by the palpation meter while standing and found to be 30° with 25°
anterior tilt on the opposite side, with internal rotation of the femur ( Figure 1 ). When the examiner connected the iliac crest top and the center of the greater trochanter through palpation, the center of the greater trochanter was located about 2 cm anterior to the iliac crest top. The manual muscle testing by Kendall was used to measure the muscle strength of the flexors, abductors, and internal and external rotators of both legs for comparison.
According to manual muscle testing, the PGM and external 
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www.jkema.org rotator of the right side were weaker than those of the left side (Table 1) .
When performing ASLR while lying down, the hip showed adduction and internal rotation, causing inguinal pain. Even when the patient flexed the hip during ASLR, she experienced inguinal pain.
When the examiner manually performed 90° flexion, 10° adduction, and 10° internal rotation of the hip in a lying position, the patient experienced anterior hip pain (Table 2) . This represents a positive FADIR test that shows anterior impingement of the femoral head on the acetabulum. 9 To prevent the impingement phenomenon, the examiner performed the FADIR test while pushing the greater trochanter for the posterior glide of the femoral head, which reduced the inguinal pain.
When the patient was performing sitting knee extension, the hip showed internal rotation, causing anterior knee pain ( Table 2 ). The pain was reduced when active knee extension was performed while the examiner maintained the neutral position of the hip without internal rotation. In a sitting position, the anterior knee pain disappeared when the patient extended the knee while the examiner pushed down on the greater trochanter.
Performing 10° active hip extension in a prone position did not cause anterior hip pain. However, the greater trochanter moved forward when the patient extended the hip (Table 2) .
DIAGNOSIS
Considering the results of the above-mentioned tests, the patient's MSI-based diagnosis was FAGS ( Table 3) . As the results of the patient's examination were consistent with the MSI syndrome, the MSI approach was indicated for the patient's treatment.
TREATMENT
According to the MSI-based diagnosis, treatment was carried out 10 times over 5 weeks. The patient was in- 
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structed to avoid twisting her legs through posture training to prevent weakening of abduction and external rotation of the hip muscles. In addition, she was instructed to place a cushion between the legs when sleeping on the side to prevent excessive adduction and internal rotation.
To correct the muscle imbalance and movement impairment confirmed through the examination, Sahrmann's exercise methods were applied to the patient ( Table 4 ). The first goal of the 10-session treatment was to increase the length of the shortened TFL, iliopsoas, and hamstring muscles, as well as to continuously strengthen the weakened abductor and external rotator muscles. In particular, we focused on strengthening the posterior part of the abductor. The second goal was to prevent anterior impingement of the hip during functional movement.
OUTCOME Reassessment at 5 weeks
After 10 sessions of treatment, the patient gradually showed reduced pain and improved functional movement. The VAS score was 0 out of 10 when resting. The muscles of the lower extremities that were weak before treatment improved. In particular, the muscle strength of the right PGM and hip external rotator increased ( Table 1 ). The anterior hip pain that developed when flexing the right hip while lying down disappeared, and the ASLR angle increased and the pain also disappeared. The anterior hip and anterior knee pain that developed when extending the right hip while sitting disappeared, enabling the patient to comfortably extend the knee. The 10° of hip extension in a prone position did not cause shifting of the greater trochanter ( Table 2 ). The patient visited our center for treatment 10 times over 5 weeks, with 60 min of exercise for each visit.
DISCUSSION
This study examined the method of diagnosing FAGS in a patient with anterior hip pain and the results after 5 weeks of exercise. The results confirmed that the exercises for patients with FAGS suggested by Sahrmann are effective in controlling hip movement and pain.
In patients with FAGS, posterior glide of the femoral head does not appropriately occur when flexing the hip. 
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www.jkema.org Therefore, as the femoral head moves forward, the stretching or impingement of soft tissues in front of the hip causes pain. Sahrmann recommended backward rocking exercise in the quadruped position to cause normal posterior glide of the femoral head. 3 However, this exercise should be chosen carefully as it elongates the piriformis muscle. If the patient's piriformis is shortened, then it can be an effective method to promote posterior glide of the femoral head and extending the piriformis. [10] [11] [12] [13] In the patient in the present case, the external rotators including the piriformis were very weak. Thus, backward rocking exercise in quadruped position was performed for a short period compared to other exercises, and abductorstrengthening exercise was subsequently conducted (Table 4) .
Before treatment, the patient's femur was internally rotated when in a standing position. To identify the cause of internal rotation of the femur, the Ober test was performed, which revealed shortening of the TFL muscle. Therefore, exercises to elongate the TFL muscle and strengthen the PGM muscle were performed. After 5 weeks, the internal rotation of the femur in the standing position was improved and the knee position was normal. Elongation exercise for the TFL muscle and muscle-strengthening exercise for the PGM were effective in improving internal rotation of the femur.
The patient's hip showed the state of increased pelvic anterior tilt in standing position. The iliopsoas acts as a hip flexor. However, if this muscle shortens, hip extension becomes insufficient, which is compensated for by increasing the pelvic anterior tilt and lumbar lordosis. The shortened iliopsoas was confirmed using the Thomas test.
However, in patients with FAGS, the anterior displacement of the femoral head could be mistaken for normal or elongated muscle if the femoral head is not accurately fixed. Hence, in this study, the front of the femoral head was fixed to prevent anterior displacement when examining the length of the iliopsoas. As a result, the patient's iliopsoas was shortened, and iliopsoas elongation exercise was carried out.
In many studies in the literature, relaxation techniques for elongating the shortened iliopsoas resulted in reduced pelvic anterior tilting and lumbar lordosis, as well as increased the extension angle of the transversus abdominis muscle and hip joint. [14] [15] [16] The results of this study also confirmed reduced pelvic anterior tilt after performing iliopsoas elongation exercise ( Table 2) .
The hip extension exercise in a prone position is recommended for increasing the hip extension angle and muscle activity of the gluteus maximus. However, when a patient with FAGS performs hip extension in a prone position, the muscle activity of the hamstring increases more than that of the gluteus maximus. In addition, the muscle contraction timing of the hamstring is relatively faster than that of the gluteus maximus. Further, when a patient with FAGS extends the hip in a prone position, anterior displacement of the greater trochanter is observed. To increase the muscle activity of the gluteus maximus, many researchers recommend exercises that extend the hip in a prone position. However, in patients with FAGS like in this study, it is important to verify anterior displacement of the greater trochanter when performing hip extension exercise in a prone position.
In the case of severe shortening of the hamstring, it is difficult to accurately control the leg raise exercise in a prone position. Moreover, sitting with a slouch in everyday life causes the hamstring to shorten due to pelvic posterior tilt. In this study, the patient had pain in both the anterior knee and the hip when extending the knee in a sitting position, and shortening of the hamstring was confirmed. However, when the examiner pushed the greater trochanter while the patient actively flexed and extended, the knee pain disappeared. This suggests that the hip and knee pains were caused by the anterior displacement of the femoral head when extending the knee joint while sitting and by the shortened hamstring. Extending the knee in a sitting position is a good exercise to elongate a shortened hamstring. 3 However, other studies did not evaluate the hip joint but only confirmed the shortening of the hamstring and performed the exercises. In this study, anterior displacement of the femoral head was prevented and hamstring elongation exercise was performed in a patient with FAGS. After 1 week, the hip and knee pains disappeared, and the patient did not experience any pain even when stretching alone for the remaining treatment period.
After 5 weeks of MSI exercise, muscle strength for hip internal rotation, abduction, flexion, and external rotation increased. In particular, the muscle strength of the right hip PGM and external rotation increased (Table 1) . It is believed that the increase of these muscles had a stable influence on the hip and knee. When performing ASLR with the right leg, the pain was reduced and range of motion increased. In the FADIR, sitting knee extension, and hip extension tests, the anterior displacement of the greater trochanter disappeared.
Therefore, this study confirmed that MSI-based diagnosis and exercise are effective for good posture alignment, pain control, and movement control of the hip joint in patients with FAGS.
This study has several limitations. First, it is difficult to 
CONCLUSIONS
This study described the evaluation and treatment methods for patients with FAGS. For the diagnosis of FAGS, it is important to confirm posture alignment, muscle length, muscle strength, and movement impairment. It is also important for patients to recognize that improper posture and movement cause pain. The results of this study suggest that MSI-based exercises are effective for patients with FAGS.
Key Points
Question Is the movement-system-impairment (MSI)-based approach effective for a patient with femoral anterior glide syndrome (FAGS)?
Findings Application of MSI techniques improved pain and movement in a patient with FAGS.
Meaning We suggest that the MSI-based approach can be used in clinical settings for patients with FAGS.
